Proteins which inhibited the growth of two strains of Staphylococcus aureus and one strain of Streptococcus agalactiae were isolated from the teat canal keratin of the cow. Electrophoresis of the proteins on polyacrylamide gels suggested that they were basic. They were separated into six bands at pH 3.0 but gave only two bands at pH 4.5 and two lines of precipitin after gel diffusion and immunoelectrophoresis at pH values between 4.5 and 8.5. In the presence of the anionic polymers DNA or heparin, complexes were formed which were not inhibitory of bacterial growth. The isolated proteins and the whole teat canal keratin were completely free from lysozyme. Their role is discussed in relation to the natural defence mechanisms of the teat canal.
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I N T R O D U C T I O N
The teat canal is generally regarded as a barrier to artificial and natural infections of the mammary gland (Murphy & Stuart, 1953; Fincher, Hodges, Murphy & Morse, 1956; Plastridge, 1958) . Pathogens placed beyond the teat canal into the teat cistern invariably lead to infection (Murphy & Stuart, 1954; Newbould & Neave, 1965; Hibbitt & Jones, 1967) . The teat canal may function as a mechanical barrier due to its efficient sphincter muscles but, in addition, it has been reported to possess antimicrobial properties which can be attributed to the sebum-like material, called teat canal keratin, which probably originates from the heavily keratinized squamous epithelium (Murphy, 1959) . Teat-canal keratin was reported to consist of up to 90 yo lipid and has been shown to inhibit the growth of streptococci in vitro (Adams & Rickard, 1963) , but the lipid content of the keratin and its role in natural resistance has now been disputed (Treese, Morse & Levy, 1966) . More recently cationic proteins have been isolated from teat-canal keratin and they strongly inhibited the growth of staphylococci and streptococci isolated from mastitic udders in vitro (Hibbitt & Cole, 1968) .
This paper describes some of the properties of the proteins isolated from teat canal keratin.
RESULTS
The antimicrobial proteins extracted in this study constituted approximately 4-5 yo (wet weight) of the teat canal keratin. These proteins which are soluble in distilled water and dilute acids were subjected to polyacrylamide gel disc electrophoresis. At pH 4-5 the proteins were resolved into two principal bands which moved towards the cathode. At pH 3.0, however, the proteins moved more rapidly towards the cathode and were resolved into 6 bands. The ultraviolet absorption curve (Fig. I ) of the extracted proteins showed a characteristic pattern for material with minimal nucleic acid contamination, a major absorption peak occurring at 276 mp. Inhibition of staphylococci and streptoccoci by teat canal proteins. The effect of various concentrations of the teat canal proteins on the growth of the test organisms is shown in Fig. 2 . The growth of the two strains of Staphylococcus aureus was inhibited by 50 % at a concentration of 2-5 pg. proteinlml. while Streptococcus agalactiae was inhibited at I 1-5 pg./ml.
Removal of inhibition by anionic polymers. Electrophoresis had indicated that the proteins were basic ; it was considered, therefore, that anionic polymers would combine with the teat-canal proteins and destroy their biological activity. The proteins were incubated at 37" for 15 min. with the anionic polymers DNA and heparin and assayed for their inhibitory activity. Table I shows that the inhibition of staphylococcal growth by the teat canal proteins at a concentration of 8 pg./ml. was progressively destroyed by increasing concentrations of both anionic polymers with complete destruction occurring at 3.2 pg./ml.
Absence of lysozyme in the teat canal protein preparations. Although staphylococci and streptococci are not susceptible to lysozyme (also a basic protein) in the sense that the cells are lysed, it is known that lysozyme can decrease the viable count of staphylococci (Kern, Kingkade, Kern & Behrens, 1951) . As this enzyme is known to be widely distributed in biological fluids and tissues it was thought to be of some interest to test the protein prepar4ations from the teat canal for their lysozyme content. There was no lysozyme activity in the teat canal protein preparation or in the original keratin ( Table 2) . heparin in I ml. of the buffer described above at 37" for 15 min. Gel-difusion tests. The agar gel-diffusion test which is normally performed at pH 7.0 suggested initially some degree of homogeneity of the protein since it showed only one line of identity at a concentration of 2.5 mg./ml. against homologous antiserum. When the concentration of the protein was decreased to 1.25 mg./ml. there was an indication that two precipitin lines may have been present. This result was not sufficiently clear to record; on the other hand two lines could be expected since two bands were also identified in the electrophoresis studies at pH 4-5.
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Immunoelectrophoresis. The double line which was thought to be present in the gel diffusion test at the lower concentration was confirmed by immunoelectrophoresis at pH 8-6 (Fig. 3) since two arcs of precipitation were formed against the antiserum. Immunoelectrophoresis is normally not performed at a low pH because of the danger of precipitating the serum proteins and the possible streaking of the protein. Therefore it was impossible to study the effects of the antisera on the protein fractions separated at pH 3.0. On the other hand, at pH 4.5, the pH value which separated the proteins into two principal bands on polyacrylamide gel, two arcs were formed which moved towards the cathode (Fig. 4) .
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DISCUSSION
An investigation of the natural methods of protecting the bovine mammary gland against the invasion of micro-organisms may lead to a better understanding of the reasons why animals vary in their susceptibility to mastitis. The bacteriostatic activity of the lipids in the teat-canal keratin (Adams & Rickard, 1963 ) is possibly only one of the many factors involved in natural defence since cationic proteins isolated from various tissues have been shown to possess bactericidal properties in vitro (Scarnes & Watson, 1957; Hirsch, 1958; Zeya & Spitznagel, 1966) . It is therefore conceivable that the cationic proteins isolated from the teat canal keratin may act in vivo as part of the protective mechanism against invasion of pathogens.
The behaviour of the isolated proteins during electrophoresis on polyacrylamide gels suggested that they contain a predominating number of positively charged groups. This possibility was further supported in the experiment, where it was shown that the antimicrobial activity of the proteins was lost when they were pretreated at pH 7.0 with negatively charged substances such as DNA or heparin. The positively charged proteins of teat-canal keratin would in all probability also be linked electrovalently to negatively charged components such as other proteins or nucleic acids, with a consequent loss of activity. This was borne out in a single experiment, not recorded in this paper, when it was found that isolated whole keratin had no anti-microbial activity. However, in a living teat canal, proteins are being synthesized continuously and would be free to bind to any negatively charged material including micro-organisms.
The complete absence of 1ysoz:yme in the isolated proteins and in whole teat-canal keratin was not surprising since I'adgett & Hirsch (1967) were unable to demonstrate its presence in tears, saliva, nasal exudates and peritoneal leucocytes obtained from a group of ten cattle. Furthermore, the morphological changes produced by lysozyme on Staphylococcus aureus were markedly different from those produced by the proteins isolated from teat-canal keratin (McMillan & Hibbitt, I 969).
Although six bands of protein were separated on polyacrylamide gels at pH 3.0, at pH 45 only two principal bartds were observed. The resolution of closely related positively charged proteins would be less marked at higher pH values as their isoelectric points are approached. In the immunological studies therefore, which were necessarily carried out on the teat canal proteins at higher pH values, the separation of only two antigens is understandable.
